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wing of e lec t r ic  potentials derived f'rom the high- 

latitude SD current system into a reasonable model of the magneto- 

sphere reveals a pattern of plasma convection which, at first 

glance, might be regarded as driven by the earth's rotation. 

However, more careful analysis shows tha t  the  convective motion is 

faster, by a factor of five or ten, than tha t  which would be 

driven by the earth. /This paper descri5es eqeriments, conducted 

with objects i n  water, which demonstrate that circulation 

established by bodies rotating i n  a viscous f lu id  may be modified 

and its velocity enhanced i f  the f luid is streaming past the 

bodies. 

reorientation of the stream flow near the bodies. These 

demonstrations suggest t h a t  the earth's rotation plays a much 

more vi ta l  ro le  i n  coupling the solar wind's energy into the 

magnetosphere than previous theories have ascribed t o  it. It 

appears that  the earth's rotation does, indeed, set the basic 

pattern of plasma convection i n  the magnetosphere. 

solar wind plasma, expandirg away from the stagnation region 

at the front of the magnetosphere, stream into and through the 

magnetosphere, following th is  basic pattern around the  earth 

and augmenting the plasma fluw there many-fold. 

The additional circulation energy is derived from 

Thermalized 

This stream of 
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solar wind plasma behaves rather l ike the plasma i n  a magneto- 

hydrodynamic generator, its polarization electric f ie ld  drivilng 

ionospheric currents at  t h e  base of those magnetic f i e l d  l ines  

past which the plama flows. It is suggested that t h i s  is the  

source of the DS current system and that  one can, therefore, 

look upon the  DS currents as "tracers" of the path of the solar 

wind plasma through the magnetosphere. A nimiber of geqhysicsl  

effects cmlbe attributed t o  the presence of V e  plasma stream. 

The currents i n  it, caused by the magnetic drifis of i t s  particles,  

probably contribute to a ring current. I n  the outer region of the 

stream, where the magnetic f ie ld  of the e e t h  is  weak, tbe  

currents become concentrated i n  a current sheet near the earth's 

magnetic equatorial plane, the phenomenon recently discovered 

with the IMP satellite. The plasma stream perturbs %he magnetic 

f ield through which it passes t o  such an extent that energetic 

par t ic les  cannot be trapped, but diffuse readily through these 

regions. Thus the imer edge of the plasma stream establishes 

the law-latitude bowdzjj  for the entry of few-MeV solar protons 

and the high-latitude boundary for  t n e  tramed radiation. It may 

be possible t o  determine, qualitatively, the influence of the 

earth's rotation by appropriate experiments with a rotating 

t e r r e l l a  i n  the laboratory. 
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I. IEJTROIXJCIION 

The mechanism whereby energy of the solar wind is  intro- 

duced into the inter ior  of the earth’s magnetosphere is  not known 

though there seems l i t t l e  doubt t ha t  energy derived from the 

solar wind is, somehow, responsible for  auroral phenomena, fo r  

generation of most of the high-energy trapped radiation, etc. 

Two theories advanced i n  recent y e a r s  attempting t o  explain 

the coup1ir-i of solar wind energy into the magnetosphere are 

those of &ford and Hines c19611 and of Levy e t  al. t19531 

The former theory supposes a viscous interaction between the 

solar wind and the magnetosphere’s surface which produces a 

colmterflow” i n  the tail of the magnetosphere, pulling solar- 11 

wind p lasm forward into the proximity of the earth. 

of Levy e t  al. visualizes a similar flaw forward through the 

The theory 

tail,  but ascribes it t o  a different mechanism-continual 

connection and disruption of the high-latitude magnetic l ines  

of force. 

This paper presents yet another theory t o  account for  the 

energy-coupling meckanism. It suggests that  (a) thermalized 

solar wind plasma flows directly into the forward portion of the 

w e t o s p h e r e ,  probably on the Bfternoon side of the sub-solar 
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region; (b) the earth's rotation is the factor which causes the 

plasma's entry and which largely determines where the entry w i l l  

take Flace; and (c) t o  a large extent, the course that the plasma 

will follow as it forces i ts  way through the magnetosphere is 

established by the earth's rotation. The theory is  deduced from 

the e lectr ic  f ield configuration i n  a model of the magnetosphere 

and from simple demonstrations of the behavior of a stream of 

vlscous fluid as it flows past rotating bodies. 

Figure 1 shows the equatorial plane of a m o d e l  of the 

magnetosphere presented recently by Ta;ylor and Hones Clg651. 

The e lec t r ic  f i e ld  whose equipotentials are shown was derived 

fromthe SD current system at high latitudes as portrayed by 

Silsbee and Vestine c19421. The magnetic f ield l ines  i n  the 

model %ere regarded as electric equipotentials to project t he  

e lec t r ic  f i e l d  outward from t h e  ionosphere, where the currents 

flaw, i n t o  the equatorial plane. 

equipotentials at the corth magnetic polar cap of the earth. 

Figure 2 shows the  e lec t r ic  

The principal concern, i n  th i s  paper, with reference t o  Figure 1 

and Figure 2 is the direction and magnitude of the e lec t r ic  

d r i f t  (GE = c - ' E ) of charged particles which one deduces 
B2 - - 

fromthem. v 

motion of the l o w  energy plasma 112 the magnetosphere. 

may be regarded as the velocity of a convective E 
This is 
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true regardless of whether the e lec t r ic  f i e ld  is  externally 

applied and the plasma is moving i n  response t o  it or -&ether 

the plasma is forcing its way (due t o  its kinetic pressure) 

through the magnetic f i e ld  and is  polsrized i n  the process. 

I n  either case, vE is an indicator of the plasma's motion 

through the magnetic field.  Now, referring t o  Figure 1, a d  

remembering that 5 

that YE carries plasma counterclockwise around the earth i n  

the forward par t  of the magnetoEphere and clockwise around the 

high potential axis in  the ta i l .  

character which would be expected of a plasm convection pattern 

driven by the earth rotating i n  i t s  distorted magnetosphere. 

(See, for  example, Johnson [1g60] .) But, consider the 

magnitude of . For example, on the midnight meridian at  

about 8 earth radii (RE) we find an electr ic  f i e ld  strength 

of about 

- 

is directed out of the paper, we f ind  

This motion has the general 

4 
= 1.6 10-5 volt/cm 10 volts 4 

= 10 volts Id = 
RE 6.4, x lo8 cm 

5 x loo8 statvolt/cm . 
-4. 

Taking = 60 gammas = 6 x 10 gauss a t  8 RE, one finds 
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= 2.5 x 10 6 cm/sec = 25 Wsec . 
But plasma co-rotating with the earth at  8 F$ would move only 

- 3 km/sec. Thus, though the plasma is moving i n  roughly the 

pat tern expected fo r  euth-driven convection it is doing so at 

a much higher speed than the earth's rotation would produce, 

There is  another peculiar feature of t h i s  rotational 

pattern, which is  evident in Figure 2. Remembering that the 

center of rotation of the plasma i n  the t a i l  is  the point of high 

potential  there, note i n  Figure 2 that t h i s  rotational axis does 

not coincide with the megnetic axis (approximately the rotational 

axis) of the earth. 

strikes the earth about 15" from the earth's axis near the 

Instead, the axis of rotation of the t a i l  

midnight meridian. 

In  attempting t o  understand the meaning of the potential  

patterns discussed above we ask 

(a) IS it possible tliat a rotational convective pattern 
driven by the earth might be amplified (while, at the 

sane tine, not being altered bepnd recognition) by an 
influx of solar wind plasma? 

Might the axis of rotation of the earth-generated pattern 
be displaced from the earth's axis of rotation by the 
influx of solar wind? 

(b) 
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In a search for anmrs to these questions some simple 

demonstrations of flaw around rotating bodies in water were con- 

ducted. The results of these demonstrations suggest affirmative 

answers to both questions. 
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II. DESCRIPTION OF m m S  

Tine experiments described here were done at the Hydraulics 

haoratory of the University of Iowa i n  a glass-walled f lwne  

(tank) about 30 fee t  long, 20 inches deep, and 24 inches wide. 

The flume was equipped with a carriage above it which could be 

drawn along 8.t constant speeds up t o  - 1 ft/sec. The casriage 

was outfi t ted with a motor znd pulleys t o  rotate objects 

projecting into the water belai. 

mow.tsd on the carriage so that water flow patterns could be 

photographed i n  the reference frame of the moving carriage. 

Alu?linua powder, sprinkled cn the surface of the water, 

provided a means of measuring the velocity distribution of the 

surface of the water by the length of the streaks the powder 

particles made i n  a camera eqosure of known duration. 

A camera and l igh t s  were also 

A. 

Two cylinders, 15' inches long, one with 2" diameter, 

and the other with 3 1/2" diameter, were mounted (with the i r  axes 

ver t ical)  so tha t  the h r g e  cylinder followed the s m a l l  ofie as 

the carriege mved along. 

cylinders rotated i n  opposite directio;is. 

meaiit t o  represent, qualitatively, the oppositely rotating 

Wperiments with R o t a t i n g  Cy linclers 

The p-dleys were arranged so that  tk 

This experinent was 
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f o r w d  and ta i l  portions of the magnetosphere, as depicted i n  

Figure 3. 

silrface velocities of -, 6"/sec and - ll"/sec for the s m a l l  and 

large cylinders, respectively. Pictures were taken of the 

circulation motion on the water surface w i t h  (a) cylinders 

rotating, carriage stationary; (b) cylinders not rotating, 

cmriage moving; and (c) cylinders rotating and carriage m o v i n g .  

One such set of pictures is s h m  i n  Figures 4, 5, 6, and 7. 

I n  Figures 6 and 7 the sense of rotation of the cylinders i s  

reversed so tha t  both sides of the flaw pattern may be seen. 

The cazriage velocity i n  these pictures (except i n  Figure 4) 

was - b"/sec. 

all four  Dictures. 

Both cylinders rotated at - 1 rps, which provided 

me camera exposure time was 1/40 sec i n  

Cylinder rotation alone (Figure 4 )  produces a circulation 

around each cylinder, i t s  velocity midway between the cylinders 

being considerably l e s s  than the surface velocity of the 

cylinders. Carriage motion without cylinder rotation (Figure 5) 

creates flaws of equal velocity past  both sides of the cylinders 

w i t h  a diotiiict dead-water region between them. Visual observa- 

tions showed that t h i s  region is, nost of the time, quite still ,  

though there are occasionally s l ight  laterril motions and whir l s  

seen i n  it. Cylinder rotation and carriage motion combined 
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(Figures 6 and 7) produce a flow pattern which is quite different 

from a sinple super-position of the two other patterns. 

notes that the flow between the cylinders becomes quite fast, 

essentially that of the free stream. Thus, cylinder rotation 

effectively causes a par t  of the passing stream t o  be deflected 

and t o  f l o w  between the cylinders with a velocity several times 

faster  than that which rotation of the cylinders alone provides. 

h e  

This behavior is not actually very surprising and is 

easily unaerstood. 

side of' t he  f'ront cylinder and on the other side of the back 

cylinder. 

my by the front cylinder and oppositely by the back cylinder. 

The resul t  i s  a turning or  deflection of apar t  of the passing 

stream, whicli is thus caused t o  flow between the cylinders. 

The motion of the strew is amposed on one 

Thus, the passing water is  deflected, laterally, one 

Deflection of the stream by the rotating cylinders was 

found t o  depend upon the rat io  of cylinder rotation speed t o  

carriage speed. 

deflection of the stream was quite strong unt i l  carriage speeds 

of A t  higher speeds, there 

was l i t t l e  deflection and the region between the cylinders no 

longer showed much lateral flow, though a confined vortex 

pattern was often present. 

For cylinder angular velocity of 1 rps, 

t o  8" per second were reached. 



Various modifications of the experiment with two cylinders 

were tried: The cylinders were spaced closer together; the 

cylinders were rotated only one a t  a time; two cylinders of the 

same diameter (2") were used. I n  each of these variations, 

qualitatively the same result-deflection of par t  of the stream 

into a path between the cylinders-was obtained so long as the 

carriage velocity was about equal to ,  o r  less  than, the surface 

velocity of the cylinders. 

a t  the surface of the water s h m  here f a i r l y  depict the f low 

below the surface. 

walls of the flm showed that  the patterns of f l o w  were 

essentially the same, over nearly the full height of the  water, 

as they were on the surface, differing significantly only 

very near tile bottom of the flturie. Attempts t o  phatdgraph 

the flaw below the surface were not succeseful though t h i s  

could readily be done with suitable lighting arrangements. 

One may ask whether the flow patterns 

V i s u a l  observations made through the glass 

I n  another variation of the experiment wit'n cylinders, 

Figures 8, 9, only one cylinder was mounted on tk carriage. 

and 10 show (a) cylinder rotation without carriage motion, 

(b) carriage motion without cylinder rot8tion, and (c) combined 

rotation and translation. 

does not have any notable effect on the f low pattern. 

It is seen that cylinder rotation 
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V i s u a l  observations revealed a vortex s t r ee t  downstream from 

the cylinder and its character was not visibly changed i n  any 

consistent way by cyliEder rotation. 

B o  erfment v i t h  a Rotating S p  here 

A metal sphere 6" i n  diameter was mounted on the carriage 

and could be submerged t o  any desired depth. 

angular speeds up t o  ,., 4 rps. 

was t o  exarrine the circulation pattern se t  up by the rotation 

of the sphere and t o  determine whether the axis of tile circula- 

tion pattern would be displaced downstream from the sphere's 

rotat iord-  axis when the carriage vas moved. 

patterns below the surface of the water could be studied 

VfsuaJ.3.y by s t i r r ing  aluminum puwder particles into the water. 

The par t ic les  set t led t o  the bottom very slowly when the water 

was l e f t  completely undisturbed, but the circulation velocit ies 

imparted by the rotation m d  translation of the sphere vere 

much greater than the cettling velocity. 

It was rotated at 

The object of t h i s  experiment 

Circulation 

The sphere's rocation, w i t h  the casriage at  res t ,  set 

up 8 well-defined circulation pattern i n  the sumomding f lu id ,  

though establishment of the equilibria9 pattern required 

10 or 15 seconds due t o  the low viscosity of the water. 
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I n  the equilibrium pattern (sketc3ed i n  Figure 11) water was 

see;; t o  he :ejected radially at. a high velocity i n  a very t h in  

ylme coiiicident with the  rotational equatorial plane. It 

then moved slowly upwnrd (at points above the eqxator) and 

dowmard (at  points below the equator) and back toward the 

sphere, f ina l ly  approschir-g the sFhere along the rotational 

axis. 

rotational axis i f i  the direction of Lhe sphere's rotation. 

This  whole patter?, o r  flow circulated slowly about the 

No pronounced vorticity developed over the poles of the 

s$nere's rotational axis, preswmbly because of the low 

viscosity of water. 

cisely what charge occurred i n  the -i>osition of the circulation 

axis TiLen tne rotating sphere was drawn along through the water. 

When the  syhere's lover surface was se t  about 4" above the 

bottoi,i of tile flume, however, a weak whirl was seen t o  extend t o  

the bottom of the flume and t o  pick up aluminum powder particles. 

When the carriege was then moved slowly, this whikl dragged 

behind the sphere and did appezr to touch the sphere a t  l eas t  

30 degrees dowristream fyom the  rotational pole  (Figure 12). 

These observations suggest that rotation of a sphere i n  a r;zoving 

f l u i d  about an axis peqendicular t o  the direction of f luid 

flow v i l i  cause rotation of the f l u i d  and the  axis of this 

Thus it was d i f f icu l t  t o  determine pre- 
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rotational pattern w i l l  be displaced from the sphere's rotational 

axis. 

experiment i n  a f l u i d  more vfscous than water. 

This could be determined w i t h  nore cer ta in tyby  doing the 
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III. DISCUSSIOY AND COXCLUSIONS 

Though they admittedly are not simulations of the solar 

wind-magnet oqhere interact ion, the simple experiments reported 

here have, it is  believed, demonstrated the plausibi l i ty  of the 

suggestion made by Taylor and Hones [l965] that the circulatory 

convection which appears t o  exist i n  the  magnetosphere derives 

i t s  basic direction and pattern from the earth's rotation bnt it 

is largely powered by plasma diverted (5ecause of the earth's 

rotetion) from the  passing sclar wind stream. 

J u s t  where the plasm enters the magnetosphere it is 

not possible t o  say with certainty. 

water stream was deflected by the rotGting cylinders only when 

the carri8;e speed vas l ess  t h a n  the surface speed of tile 

cylinders. This suggests, qualitatively, that solar Wind 

plasma would enter the megnetosghere i*WSt easily near the sub- 

solar region where the thermalized plasma i n  the transit ion 

region has minimum streaming velocity-a velocity perhaps not 

orders of magnitude greater than the earth-driven rotation of 

the uagne%osphere's slrrface (about 5 knisec). 

the configuration of tke electr ic  potential in Figure 1 h'plbes 

an 

local  time (MLT). 

However, we noted tha t  the 

Furthermore, 

x % d r i f t  - into the magnetosphere i n  mid-afternoon, magnetic 

These two pieces of evidence imply that solar 
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wind entry in to  the xtqnctosphere occurs on the afternoon side 

of the subsolar regicn. This thought is supported by the 

observation [Evans e t  t ~ ,  1.9651 that precipitating low energy 

protons are encountered at high la t i tudes in early afternoon, 

but not i n  the forenoon (MLT). 

t o  enter the magnetosphere - is s t r o q l y  sensitive t o  the 

plasma' s veiocity re la t ive to the magnetosphere' 6 surface 

velocity, then it is  probably sensitive, also, t o  the aspect 

of the dipole axis re la t ive t o  tbe earth-sun l ine.  

therefore, t h a t  the plasma stream intensity i n  the magneto- 

sphere will be modulated by the dai ly  wobble of the earth's 

magnetic axis and by the annual change of the rotational axis' 

orientation relat ive t o  the earth-sun l ine.  

Xf the ab i l i t y  of solar plasma 

One expects, 

The solar wind stream, expanding into the magnetosphere, 

forces i t s  m y  along, acting much as the plasma i n  a magneto- 

hydrodynanic (MHD) generator. Here, however, unlike the 

situation i n  most MHD generator designs, t h e  (externally 

generated) magnetic f ie ld  is not uniform. 

f r o m  strengths which are capable of strongly resisting the 

plasma f l o w  t o  strengths which are almost completely over- 

whelmed by the currents flowing i n  tbe plasma. 

i n  an MHD generator, becomes electr ical ly  polarized, and we 

Rather, it ranges 

The plasma, as 
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suggest that  it is t h i s  polarization f ie ld ,  projected along 

magnetic f i e l d  l ines  t o  the  ionosphere, which drives t h e  SD 

current system. 

the high-latitude ionosphere may be regarded as indicators of 

the path followed by the solar wind plasma stream through t h e  

magnetosphere. 

for  example, that  the  plasma stream circles  roughly three- 

fourths of tke way around t h e  earth and does not amear t o  

stream out of the magnetosphere's t a i l  ne= midniglt. 

sqt2orts, of course, the view t h a t  the earth's rotation 

determines the course t o  be followed by the solar plasma stream 

despite the greater velocity of the la t te r .  

Thus, the currents or the  potential system i n  

The poten+,ial system depicted i n  Figure 1 shows, 

This 

If we identify the region of densely-spaced potential 

contours i n  Figure 2 (e.g., near midnight, the -10 k V t o  the 

6 0  kV l ines)  with the plasma strean, we see i n  Figure 1 t h 3 t  

the inner boutdary i n  the equatorial plane l i e s  at about 

6 earth r a d i i  and the outer boundary is at  15 t o  20 eaxth 

radii. 

course, poorly defined and depends upon the geometry of the 

mgnetic f i e l d  used i n  the model. It may be much f a t h e r  out; 

there may, i n  fact ,  be no sharp outer boundary t o  the stream.) 

It seeria entirely plausible tha t  the d r i f t  and magnetization 

(The oEter boundary i n  the equator id  plane is, of 



currents i n  the  plasma stream may contribute significantly t o  

a ring current. 

p l a sm does 7 not constitute a current.) 

(Note t-hat the  gross flow of the neutral 

In  the mre dis tant  reaches of the  plasma stream, where 

the external magnetic f i e l d  (i.e., t;?at of the earth and of the 

currents in. the magnetopause) is largely overwhelmed and re- 

shaped by the plasm's clxrrents, one expects tha t  magnetiza- 

t ion  and drift currents In the solar plasma streammay constitute 

the current sheet recent1.g detected with the I32 satell i te i n  

the t a i l  of the magnetosphere. 

and inclusion of magnetization current make t h i s  suggestion differ 

from that of' Taylor and Hones [19651 tha t  the current sheet 

msy be due t o  rncgnetic drift of solar wind electrons trapped 

at the boundary of the nagnetosphere and flowing across the  

t a i l  under %he influence of the poteEtial system of Figure 1.) 

Since, as seen i n  Figure 1, the plasm strean nearly ci rc les  the 

earth, one exgects t o  find a current sheet (or current sheets) 

extendhg around the earth (beyon8. - 8 RE) alz the vay from 

- 1bO MLT, through midnight, t o  - 1000 MLT. 

(The source of dr i f t ing  par t ic les  

The magcAetic field is stxongly aerturbed i n  that region 

of the magnetosphere through which the solar wind plasm stream 

flaws. Consequently, one e q e c t s  that high energy par t ic les  
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cannot be contained i n  t h i s  region for long periods. 

such par t ic les  will diffuse rapidly through the region. 

the l ines  of force touching the inner edge of the plasma stream 

should define, approximately, both the low-latitude boundary for 

admission of low-energy solar protons and the high-lctitude 

boundary fo r  trapped radi&tion. 

the cut-off latitude of low energy solar protons, such as t h a t  

repoyted by Stone [la] and of the high-latitude l i m i t  of 

trapping of maderate energy electrons such as that  of Armstrong 

119651 provide other indications of the location of the inner 

boundary of the SOU plasma stream. 

Instead, 

Thus, 

Therefore, determinations of 

It is expected tha t  the characteristics of the plasma 

stream will - not be symmetrical around the noon-midnight meridian 

plane. 

rotating cylinders (Figures 5 and 7) the plasma stream may 

- leave the magnetosphere somewhat farther from the subsolar 

point (toward morning) than it enters. One expects, thus, 

t o  find forenoon-afternoon asymmetries i n  various phenomena 

such as cut-off lati tudes of solar protons and of trapped 

radiation. Also, one may expect the inner boundary of the 

stream t o  be relatively sharp near its region of entry 

but more diffuse near i t s  region of exit, after having 

traversed the magnetosphere. 

For example, by analogy with the experiment with two 
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As was indicated earlier, it is  not clear whether or not 

the so7-a? plasma strewn has an oater boundary within the magneto- 

sphere-that is, whether there are  closed ma$netic l i n e s  from 

the earth, which go beyond the plasma stream and, i n  a sense, 

contain it i n  the magnetosphere. We are inclined t o  believe, 

on the bases of the occurrence of polar cap auroral arcs 

[Davis, 19621 and the anti-correlation of their occwrence w i t h  

magnetic act ivi ty  [Davis, 19631, that when the solar wind 

maintains a law or average velocity for a few hours all of the 

magnetic f i e ld  l ines  adjust  t o  the plasm flow, become closed, 

and can cause the ordering of par t ic les  which, it seems must 

be necessary t o  generate auroral  arcs. 

A n  increase i n  solar vind speed or density would be 

expected to  cease an increase i n  the intensity (and perhaps the 

speed) of the p lasm stream through the magnetosphere. 

flow velocity, vE, 

more, when the solar wind i s  enlianced) tkAat  required t o  keep u$ 

w i t h  the earth's rotation, it sews that an increase of solar 

wind f l v r r  trould make i t s e l f  f e l t  all t'ne way wound the earth 

i n  two t o  three hours. 

often of one t o  a f e w  hours' duratioa,between magnetic storm 

sudden camencements and the beginning of the main phase. 

Since the 

of the stream i s  - 8 t o  10 times (or perhaps 
- 

This agrees wi th  observed delays, 



If the theory being discussed here is correct, one would expect 

to see local-time asyxnetries i n  high la t i tude magnetic ac t iv i ty  

as the iccreased plasma flow encircles the earth. 

matter, it may be possible, i n  general, t o  trace the progress 

of stream irregular i t ies  around the earth, eitner by auroral, 

radio, or magnetic effects observed from the  ground or by 

(For tha t  

* suitable measurements with satell i tes.)  The f ac t  tha t  the main 

phase is not fu l ly  develqed i n  the 2- t o  3-hour period 

required for  essentially complete eiicirclement of the earth 

by the plasma stream increase seems t o  i m p l y  that the plasma 

energy fed into the magnetosphere i n  2 single encirclement of 

the earth by the stream is not adequate t o  provide the main 

phase ring current. 

whereby stream plasma accumulates i n  the raagnetosphere during 

the 10 t o  20 hour period required f o r  f u l l  development of the 

main phase. 

Some kind of storage process must occur 

The region of high potential sham - 15" from the pole 

near midnight i n  Figure 2 is, we believe, the region where 

the axis of rotaation of the t a i l  touches the earth. The 

experiment with the rotating sphere suggested that a displace- 

ment fromthe earth's axis may be expected. 

velocity and/or density i s  increased, one would expect this 

When s o l s  wind 
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region of contact t o  3e drLven farther from the pole and t o  

be xore nearly on %he midnight meridian. 

currents around it should also increage corresponding t o  t he  

expected increase i n  velocity of the plasma stream through the 

napetosphere. 

and Bartels [lsl, p. 2901 that the genera3 shape and orientation 

of the disturbance field,  SD, are relatively independent of the 

intensity of magnetic disturbance, though the high-latitude 

region i n  which the strong SD cwrents flow appears t o  broaden 

and move toward lower lati tudes dming periods of intense 

disturbance. 

cuTrerit system t o  an enhanced s o h r  wind flw t3at one woad 

e-upect from the theory put fGn?ard i n  this paper. 

The intensity of the  

One is reminded of the observation by Chapman 

This i s  essentially the response of the SD 

4 number of authors have examined the possibi l i ty  that  

perturbations of the magne $os-here bomdary caused by yariations 

of the solar wir,d pressure cutside cause inward diffusion and 

energization of trapged pazticles, thus providing some fraction 

of the energetic par t ic les  i n  +,he radiation belts.  

aspear, harever, that  the continual fluctuations of the solar 

plasma stream through t:ie mgnetosphere (caused both by solar 

wind f luctuat ims and by the daily wcbble of the earth's 

w e t i c  axis) may be a stronger and more persistent perturbation 

It would 
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mechanism, since the inner bowdary of the stream is so nucb 

closer t o  the earth (and t o  the high energy radiation bel ts)  

than is the magnetospheric bcundary. 

stream probably i s  the source of most of the radiation belt 

particles.  

may be detached, in sollie E w e r  (possibly by non-conservative 

electr ic  f i e lds  associated with t!ie time-varying magnetic 

structure i n  and near the stream) and injected in ta  durably 

trapped orbits closer t o  the emth. 

In  fact, too, the s o h r  

-c 

Solar wind electroas, protons, and alpha par t ic les  

We conclude that  the earth's rotation plays a very 

significant role i n  determining the nature of the solar wind's 

interaction wi tk !  the magne.l;osphere, mid, indeed, may be 

esselitial t o  the efficient coql ing of sofar wind energy into 

the magnetosphere. Pit is, if the earth rotated i n  the 

qpos i t c  direction, the SD current system would be reversed. 

If the earth did not rotate  at all (but somehow managed to 

re tain its rrmgnetic f ie ld)  there might be l i t t l e  injection of 

solar wind energy and the xwnetosphere would have the short, 

squat structure wbich tliewy predicts when only the normal 

component of the solar Turin& pressure is considered [Mead, 1964.3. 

It may be possible t o  evaluate, roughly, the role of the 

earth's rotation i n  exis t i rg  3.aboratorg f a c i l i t i e s  which have 

been develcped t o  study the iriteraction of plasma wi th  



magnetized spheres (i.e., t e r re l la  experhents). A s igni f icmt  

t e s t  would require t h a t  the surface of the sphere be conducting 

and that collision frequency i n  the plasma be low enough that 

e lectr ical  conductivity perpendicular t o  B be very small. 

It would seem that terrella angular speeds no greater than a 

few hund-red rps might be adequate t o  produce detectable 

changes i n  the properties of the  miniature magnetospheres that 

are  produced 13 such experinents. 
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FIGURE cmoNs 

Figure 1. Equatorial plene of magnetosphere mdel sharing 
electr ic  equipotentid-s, labelled i n  kilovolts. 

Figme 2. North magnetic polar cap of earth showing electr ic  
equipotentials labelled i n  kilovolts. 

Figure 3 .  Equatorial plane of magnetosphere, indicating manner 
i n  which rotating cylinders (represented by heavy-dashed 
circles)  were used t o  represent appositely-rotating 
portions of magnetosphere. 

Figure 4.. wlinders rotating; carriage Eitationary. Large 
cylinder rotates clockwise, sinall one counterclockwise, 
both at - 1 rps.  

Mgure 5 .  Cylinders not rotating; carriage w i n g  t o  right at - 0.3 ft/sec. 

Figure 6. Cylinders rotating - 1 rps; large cylinder clockwise, 
small  cylinder counterclockwise; carriage moving t o  right 
a t  - 0.3 f't/sec. 

Figure 7. Cylinders rotating - 1 rps; large cylinder counter- 
clockwise, small cylinder clockwise; carriage moving t o  
r ight  at  - 0.3 f't/sec. 

Figure 8. 2-inch d i e t e r  cylinder rotating clockwise - 1 rps;  

cmriage stationary. 

Figure 9. 2-inch diameter cylinder not rotating; carriage 
moving t o  right at 0.3 ft/sec. 

Pigure 10. 2-inch diameter cylinder rotating clockwise - 1 rps; 

caxriage mdqg t o  rignt at 0.3 ft/sec. 



Figwe U. Sketch of circu3.ation 2attern around 6" dimeker 

sphere r o t a t i r i  i n  water; bottom of sphere is  - 4." 
above bottom of tank; carriage is stationary. 
rotation of water i n  spiral  pattern a t  bottom i s  seme 

as tha t  of sphere. 

Sense of 

Figure 12. Sketch of bottom portion of circulation pattern 
around 6" diameter sphere rotating i n  water; bottom of 
sphere is - 4" above bottom of tank; carriage r,ioving 
sla~1.y t o  left .  
pati,ern is  same 86 that of syhere. 

Sense of rotation of water i n  spiral 
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